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1
LIGHT-EMITTING DEVICE

TECHNICAL FIELD

The application relates to a light-emitting device, and more
particularly, to a light-emitting device having a thermal-sen-
sitive layer.

REFERENCE TO RELATED APPLICATION

This application claims the right of priority based on TW
application Ser. No. 101112423, filed on Apr. 6, 2012; TW
application Ser. No. 101150407, filed on Dec. 26, 2012, and
the contents of which are hereby incorporated by reference in
their entireties.

DESCRIPTION OF BACKGROUND ART

The light-emitting diode (LED) is a solid state semicon-
ductor device. A structure of the light-emitting diode (LED)
comprises a p-type semiconductor layer, an n-type semicon-
ductor layer, and an active layer. The active layer is formed
between the p-type semiconductor layer and the n-type semi-
conductor layer. The structure of the LED generally com-
prises I1I-V group compound semiconductor such as gallium
phosphide (GaP), gallium arsenide (GaAs), or gallium nitride
(GaN). The light-emitting principle of the LED is the trans-
formation of electrical energy to optical energy. An external
electrical current drives electrons provided from the n-type
semiconductor layer and holes provided from the p-type
semiconductor layer to combine near p-n junction of the
active layer. Then, the LED emits light when the electrons and
the holes combine. However, during the combination of elec-
trons and holes, part of electrical energy becomes heat which
affects optical-electrical characteristics of the LED, for
example, decreases light-emitting efficiency.

To achieve high color rendering and high efficiency of
lighting requirements of the LED, a red chip capable of emit-
ting a red light, a blue chip capable of emitting a blue light and
a phosphor are usually combined to emit a white light. But,
when the external electrical current is injected into the LED,
part of electrical energy becomes heat. When the electrical
current is continuously injected into the LED, thermal heat
continues to accumulate. The accumulated thermal heat
causes the temperature of the LED increasing and the light-
emitting efficiency of the LED decreasing, while the thermal
heat impacts the light-emitting efficiency of the red chip more
than that of the blue chip.

As shown in FIG. 1, when the external electrical current is
injected into the LED, the temperature of the LED increases
from an original temperature to a higher temperature, such as
from 25° C. to 75° C. The photo decay dependence on tem-
perature of the red chip is different from that of the blue chip,
which leads to the color temperature of the LEDs at 25° C.
being different from that of the LEDs at thermal equilibrium.
The color temperature of the lighting apparatus therefore
shifts and lighting apparatus can fail.

FIG. 1A illustrates a diagram of light intensity dependence
on temperature of a conventional red chip. As shown in FIG.
1A, when the external electrical current is injected into the red
chip, the temperature of the red chip increases from an origi-
nal temperature to a higher temperature, such as from 25° C.
to 85° C. or above, and the light intensity attenuates with
increasing temperature. The attenuation rate of the light
intensity versus temperature is approximately —0.87%/deg C.
FIG. 1B illustrates a diagram of emission wavelength depen-
dence on temperature of a conventional red chip. As shown in
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FIG. 1B, when the external electrical current is injected into
the red chip, the temperature of the red chip increases from an
original temperature to a higher temperature, such as from
25° C. 10 85° C. or above, and the emission wavelength shifts
towards long wavelength with increasing temperature. When
the temperature increases from 25° C. to 100° C., the emis-
sion wavelength of the red chip shifts about 5.7 nm.
Generally, electronically controlling method is used to
solve the color temperature differences of the LED at thermal
equilibrium state and at initial current driving state. However,
this method increases the manufacturing cost of LED bulb.

SUMMARY OF THE APPLICATION

A light-emitting device of an embodiment of the present
application comprises a substrate; a first semiconductor light-
emitting structure formed on the substrate, wherein the first
semiconductor light-emitting structure comprises a first
semiconductor layer having a first conductivity type, a second
semiconductor layer having a second conductivity type and a
first active layer formed between the first semiconductor layer
and the second semiconductor layer, wherein the first active
layer is capable of emitting a first light having a first dominant
wavelength; and a first thermal-sensitive layer formed on a
path of the first light, wherein the first thermal-sensitive layer
comprises a material characteristic which varies with a tem-
perature change.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a diagram of light intensity dependence
on temperature of a conventional red chip;

FIG. 1A illustrates a diagram of light intensity dependence
on temperature of a conventional red chip;

FIG. 1B illustrates a diagram of emission wavelength
dependence on temperature of a conventional red chip;

FIG. 2 illustrates a diagram of a light-emitting device in
accordance with a first embodiment of the present applica-
tion;

FIG. 3 illustrates a diagram of transmittance dependence
on temperature of a thermal-sensitive material of the present
application;

FIG. 4 illustrates a diagram of a light-emitting device in
accordance with a first embodiment of the present applica-
tion;

FIG. 5 illustrates a diagram of a light-emitting device in
accordance with a first embodiment of the present applica-
tion;

FIG. 6 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 7 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 8 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 9 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 10 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 11 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;
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FIG. 12 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 13 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 14 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 15 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 16 illustrates a diagram of a light-emitting device in
accordance with a second embodiment of the present appli-
cation;

FIG. 17 illustrates a diagram of a light-emitting device in
accordance with a third embodiment of the present applica-
tion;

FIG. 18 illustrates a diagram of a light-emitting device in
accordance with a third embodiment of the present applica-
tion;

FIG. 19 illustrates a diagram of a light-emitting device in
accordance with a third embodiment of the present applica-
tion;

FIG. 20 illustrates a diagram of light intensity dependence
on temperature of a light-emitting device of the present appli-
cation; and

FIG. 21 illustrates a diagram of emission wavelength
dependence on temperature of a light-emitting device of the
present application.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

The embodiment of the application is illustrated in detail,
and is plotted in the drawings. The same or the similar part is
illustrated in the drawings and the specification with the same
number.

FIG. 2 illustrates a cross-sectional diagram of a light-emit-
ting device 1 in accordance with a first embodiment of the
present application. The light-emitting device 1 comprises a
substrate 11; a first semiconductor light-emitting structure 10
formed on the substrate 11, wherein the first semiconductor
light-emitting structure 10 comprises a first semiconductor
layer 12 having a first conductivity type, a second semicon-
ductor layer 16 having a second conductivity type, and a first
active layer 14 formed between the first semiconductor layer
12 and the second semiconductor layer 16, wherein the first
active layer 14 is capable of emitting a first light 14a having
a first dominant wavelength; and a first thermal-sensitive
layer 18 formed on a path of the first light 14a, wherein the
first thermal-sensitive layer 18 comprises a material charac-
teristic which varies with the temperature change.

The material of the first semiconductor light-emitting
structure 10 comprises an element selected from a group
consisting of arsenic (As), gallium (Ga), aluminum (Al),
indium (In), phosphorus (P), nitrogen (N), zinc (Zn), cad-
mium (Cd), and selenium (Se). In an embodiment of the
present application, the first conductivity type of the first
semiconductor layer 12 is different from the second conduc-
tivity type of the second semiconductor layer 16. For
example, the first semiconductor layer 12 can be an n-type
semiconductor layer and the second semiconductor layer 16
can be a p-type semiconductor layer. The electrons provided
from the n-type semiconductor layer and the holes provided
from the p-type semiconductor layer combine in the first
active layer 14 to emit the first light 14a under an external

5

10

15

20

25

30

35

40

45

50

55

60

4

electrical current driving. The method for forming the first
semiconductor light-emitting structure 10 is not particularly
limited. The first semiconductor light-emitting structure 10
may be formed by a known epitaxy method such as metallic-
organic chemical vapor deposition (MOCVD) method, a
molecular beam epitaxy (MBE) method, a hydride vapor
phase epitaxy (HVPE) method, sputtering or electrical plat-
ing. The material of the substrate 11 comprises germanium
(Ge), gallium arsenide (GaAs), indium phosphide (InP), gal-
lium phosphide (GaP), sapphire, silicon carbide (SiC), silicon
(Si), lithium aluminate (LiAlO,), zinc oxide (Zn0O), gallium
nitride (GaN), aluminum nitride (AIN). The substrate 11 can
be used to support and/or grow the first semiconductor light-
emitting structure 10.

The material characteristic of the first thermal-sensitive
layer 18 comprises transmittance which varies with the tem-
perature change. The transmittance is proportional to the
temperature. Specifically, the transmittance increases with
increasing temperature. The material of the first thermal-
sensitive layer 18 comprises organic compound or inorganic
compound. The organic compound comprises esters or phe-
nols, for example, crystal violet lactone, malachite green
lactone, or cresol red, or metal organic complex compound,
for example, copper complex compound, or liquid crystal.
The inorganic compound comprises inorganic salts, such as
vanadate or chromate, or inorganic crystals, such as mercuric
iodide, silver iodide or vanadium oxide. When the organic
compound or the inorganic compound is used as the material
of'the first thermal-sensitive layer 18, the transmittance of the
material varies with the temperature change of the light-
emitting device 1. As shown in FIG. 3, the transmittance of
the material increases with increasing temperature. The char-
acteristic of the material is reversible, and the material can be
reused. When the temperature gets back, the transmittance
also gets back to a value before temperature increasing. With
the transmittance dependence on temperature of the material
of the first thermal-sensitive layer 18, the color temperature
variation of the light-emitting device 1 is improved.

As shown in FIG. 2 and FIG. 3, with the characteristic of
the low transmittance at low temperature, such as 25° C., of
the first thermal-sensitive layer 18, part of the first light 14a is
blocked and less of the first light 14a can be transmitted
through the first thermal-sensitive layer 18. As shown in FIG.
3 and FIG. 4, an electrical current is injected into the light-
emitting device 1 through a first electrode 12¢ and a second
electrode 16e, the temperature of the light-emitting device 1
increases from a lower temperature, such as 25° C., to a higher
temperature, such as 85° C., the transmittance of the first
thermal-sensitive layer 18 increases with increasing tempera-
ture, and more of the first light 14a can be transmitted through
the first thermal-sensitive layer 18. In accordance with an
embodiment of the present application, with the characteris-
tic that the transmittance of the first thermal-sensitive layer 18
is higher at high temperature, such as 85° C., than that at low
temperature, such as 25° C., and with the characteristic that
the light intensity of the light-emitting device 1 is lower at
high temperature, such as 85° C., than that at low temperature,
such as 25° C., the color temperature variation of the light-
emitting device 1 is improved.

In accordance with another embodiment of the present
application, the material characteristic of the first thermal-
sensitive layer 18 of the light-emitting device 1 comprises
refractive index. The first thermal-sensitive layer 18 com-
prises a first material having a first refractive index, such as
liquid crystal, and a second material having a second refrac-
tive index, such as resin, wherein the first refractive index and
the second refractive index vary with temperature changes.
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When a junction temperature of the first active layer 14 is
below 60° C., the first refractive index is different from the
second refractive index; when a junction temperature of the
first active layer 14 is above 60° C., a difference between the
first refractive index and the second refractive index is sub-
stantially smaller than 10%. With the characteristic that the
difference between the first refractive index and the second
refractive index is larger than 10% at low temperature, such as
25° C., part of the first light 14a emitted from the light-
emitting device 1 can be scattered and less of the first light 14a
can be transmitted through the first thermal-sensitive layer
18. When the electrical current is injected into the light-
emitting device 1 through the first electrode 12¢ and the
second electrode 16e, the temperature of the light-emitting
device 1 increases from a lower temperature, such as 25° C.,
to a higher temperature, such as 85° C., wherein the differ-
ence between the first refractive index and the second refrac-
tive index is substantially smaller than 10%, and more of the
first light 14a can be transmitted through the first thermal-
sensitive layer 18. In the embodiment of the present applica-
tion, with the characteristic that the difference between the
first refractive index and the second refractive index is sub-
stantially smaller than 10% at high temperature, such as 85°
C., and with the characteristic that the light intensity of the
light-emitting device 1 is lower at high temperature, such as
85° C., than that at low temperature, such as 25° C., the color
temperature variation of the light-emitting device 1 is
improved.

In accordance with another embodiment of the present
application, the material of the first thermal-sensitive layer 18
of' the light-emitting device 1 can be liquid crystal. The mate-
rial characteristic comprises an arrangement of the liquid
crystal molecules, wherein the arrangement of the liquid crys-
tal molecules varies with the temperature change. The ther-
mal-sensitive material, such as liquid crystal, comprises a
stack structure, wherein major axes of the liquid crystal mol-
ecules in one layer of the stack structure are mutually parallel,
but major axes of the liquid crystal molecules in adjacent one
layer of the stack structure deviate from major axes of the
liquid crystal molecules of the one layer of the stack structure.
Overall, the liquid crystal molecules of the stack structure
form a helical structure, and a periodic pitch is formed
between layer and layer. The temperature change changes the
pitch, different pitches reflect different wavelengths. With the
characteristic described above, more of the first light 14a
emitted from the light-emitting device 1 can be scattered at a
lower temperature, such as 25° C., and more of the first light
14a can be transmitted through the first thermal-sensitive
layer 18 at a higher temperature, such as 85° C., and with the
characteristic that the light intensity of the light-emitting
device 1is lower at high temperature, such as 85° C., than that
at low temperature, such as 25° C., the color temperature
variation of the light-emitting device 1 is improved.

As shown in FIG. 5, the first thermal-sensitive layer 18 of
the light-emitting device 1 can be formed on at least one
surface 10s of the first semiconductor light-emitting structure
10, and preferably, the first thermal-sensitive layer 18 con-
tacts with at least one surface 10s of the first semiconductor
light-emitting structure 10.

FIG. 6 illustrates a cross-sectional diagram of a light-emit-
ting device 2 in accordance with a second embodiment of the
present application. The light-emitting device 2 comprises a
substrate 21; a first semiconductor light-emitting structure 20
formed on the substrate 21, wherein the first semiconductor
light-emitting structure 20 comprises a first semiconductor
layer 22 having a first conductivity type, a second semicon-
ductor layer 26 having a second conductivity type and a first
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6

active layer 24 formed between the first semiconductor layer
22 and the second semiconductor layer 26, wherein the first
active layer 24 is capable of emitting a first light 24a having
a first dominant wavelength; a light-pervious layer 23 cover-
ing the first semiconductor light-emitting structure 20; and a
first thermal-sensitive layer 28 formed on a path of the first
light 24a, wherein the first thermal-sensitive layer 28 com-
prises a material characteristic which varies with the tempera-
ture change.

As shown in FIG. 6, the light-pervious layer 23 comprises
a transparent material 231, and the transparent material 231
can be organic material or inorganic material. The organic
material  comprises epoxy, polymethylmethacrylate
(PMMA), or silicone. The inorganic material comprises
glass. The manufacturing method of the light-pervious layer
23 is not particularly limited, in addition to potting, the light-
pervious layer 23 can also be formed by low-pressure transfer
molding or adhesion. The first light 24a emitted from the first
semiconductor light-emitting structure 20 can be transmitted
to the environment through the light-pervious layer 23. The
light-pervious layer 23 also provides electrical insulation and
heat resistance. The light-pervious layer 23 protects the first
semiconductor light-emitting structure 20 from being
directly exposed to the environment.

The material of the first semiconductor light-emitting
structure 20 comprises an element selected from a group
consisting of arsenic (As), gallium (Ga), aluminum (Al),
indium (In), phosphorus (P), nitrogen (N), zinc (Zn), cad-
mium (Cd) and selenium (Se). In an embodiment of the
present application, the first conductivity type of the first
semiconductor layer 22 is different from the second conduc-
tivity type of the second semiconductor layer 26. For
example, the first semiconductor layer 22 can be an n-type
semiconductor layer and the second semiconductor layer 26
can be a p-type semiconductor layer. The electrons provided
from the n-type semiconductor layer and the holes provided
from the p-type semiconductor layer combine in the first
active layer 24 to emit the first light 24a under an external
electrical current driving. The manufacturing method of the
first semiconductor light-emitting structure 20 is not particu-
larly limited, the first semiconductor light-emitting structure
20 may be formed by a known epitaxy method such as metal-
lic-organic chemical vapor deposition (MOCVD) method, a
molecular beam epitaxy (MBE) method, a hydride vapor
phase epitaxy (HVPE) method, sputtering, or electrical plat-
ing.

The first semiconductor light-emitting structure 20 can be
formed on the substrate 21 by glue bonding or metal bonding.
The substrate 21 comprises conductive material, such as
metal. The first semiconductor light-emitting structure 20
further comprises a first electrode 22¢ and a second electrode
26e, wherein a position of the first electrode 22¢ or the second
electrode 26e¢ is not particularly limited. The first electrode
22¢ and the second electrode 26e can be formed on a same
side of the first semiconductor light-emitting structure 20 to
form a horizontal structure as shown in FIG. 6. The first
electrode 22¢ and the second electrode 26¢ also can be formed
on opposite sides of the first semiconductor light-emitting
structure 20 to form a vertical structure (not shown). As
shown in FIG. 6, a cavity 232 formed between the first elec-
trode 22¢ and the second electrode 26e comprises insulated
glue material or air when the first electrode 22e¢ and the
second electrode 26e are formed on the same side of the first
semiconductor light-emitting structure 20.

The material characteristic of the first thermal-sensitive
layer 28 comprises transmittance which varies with the tem-
perature change. The transmittance is proportional to the
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temperature. Specifically, the transmittance increases when
the temperature is raised. The material of the first thermal-
sensitive layer 28 comprises organic compound or inorganic
compound. The organic compound comprises esters or phe-
nols, for example, crystal violet lactone, malachite green
lactone, or cresol red, or metal organic complex compound,
for example, copper complex compound, or liquid crystal.
The inorganic compounds comprise inorganic salts, such as
vanadate or chromate, or inorganic crystals, such as mercuric
iodide, silver iodide or vanadium oxide. When the organic
compound or the inorganic compound is used as the material
of'the first thermal-sensitive layer 28, the transmittance of the
material varies with the temperature change of the light-
emitting device 2. As shown in FIG. 3, the transmittance of
the material increases with increasing temperature. The mate-
rial is reversible and can be reused. When the temperature gets
back, the transmittance also gets back to a value before tem-
perature increasing. With the transmittance dependence on
temperature of the thermal-sensitive material of the first ther-
mal-sensitive layer 28, the color temperature variation of the
light-emitting device 2 is improved.

As shown in FIG. 6, with the characteristic of the low
transmittance at low temperature, such as 25° C., of the first
thermal-sensitive layer 28, part of the first light 244 is blocked
by the first thermal-sensitive layer 28 and part of the first light
24a is transmitted through the first thermal-sensitive layer 28.
An electrical current is injected into the first electrode 22¢ and
the second electrode 26e of the light-emitting device 2
through the substrate 21. When the electrical current is
injected into the light-emitting device 2, the temperature of
the light-emitting device 2 increases from a low temperature,
such as 25° C., to a high temperature, such as 85° C., the
transmittance of the first thermal-sensitive layer 28 increases
with increasing temperature, and more of the first light 24a
can be transmitted through the first thermal-sensitive layer
28. In accordance with an embodiment of the present appli-
cation, with the characteristic that the transmittance of the
first thermal-sensitive layer 28 is higher at high temperature,
such as 85° C., than that at low temperature, such as 25° C.,
and with the characteristic that the light intensity of the light-
emitting device 2 is lower at high temperature, such as 85° C.,
than that at low temperature, such as 25° C., the color tem-
perature variation of the light-emitting device 2 is improved.

In accordance with another embodiment of the present
application, the material characteristic of the first thermal-
sensitive layer 28 of the light-emitting device 2 comprises
refractive index. The first thermal-sensitive layer 28 com-
prises a first material having a first refractive index, such as
liquid crystal, and a second material having a second refrac-
tive index, such as resin, wherein the first refractive index and
the second refractive index vary with temperature changes.
When a junction temperature of the first active layer 24 is
below 60° C., the first refractive index is different from the
second refractive index; when a junction temperature of the
first active layer 24 is above 60° C., a difference between the
first refractive index and the second refractive index is sub-
stantially smaller than 10%.

In accordance with another embodiment of the present
application, the material of the first thermal-sensitive layer 28
of the light-emitting device 2 can be liquid crystal. The mate-
rial characteristic comprises an arrangement of the liquid
crystal molecules. With the characteristic of the liquid crystal,
more of the first light 24a emitted from the light-emitting
device 2 can be scattered at low temperature, such as 25° C.,
and more of the first light 244 can be transmitted through the
first thermal-sensitive layer 28 at high temperature, such as
85° C., and with the characteristic that the light intensity of
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the light-emitting device 2 is lower at high temperature, such
as 85° C., than that at low temperature, such as 25° C., the
color temperature variation of the light-emitting device 2 is
improved.

As shown in FIG. 7, the first thermal-sensitive layer 28 of
the light-emitting device 2 can be formed on at least one
surface 20s of the first semiconductor light-emitting structure
20, and preferably, the first thermal-sensitive layer 28 con-
tacts with at least one surface 20s of the first semiconductor
light-emitting structure 20.

The light-emitting device 2 further comprises a wavelength
converting material 25 formed on a path of the first light 24a,
wherein the wavelength converting material 25 comprising
phosphor is capable of absorbing the first light 24a emitted
from the first active layer 24 and emitting a third light 245
having a third dominant wavelength. FIG. 8 illustrates an
example that the wavelength converting material 25 can be
mixed with the transparent material 231 of the light-pervious
layer 23.

As shown in FIG. 9, the first thermal-sensitive layer 28 of
the light-emitting device 2 can be formed on the surface 20s
of the first semiconductor light-emitting structure 20 and
covers at least one side surface 207 of the first semiconductor
light-emitting structure 20. In another example, the first ther-
mal-sensitive layer 28 contacts with the side surface 20z,
wherein the wavelength converting material 25 can be added
into the first thermal-sensitive layer 28.

As shown in FIG. 10, the first thermal-sensitive layer 28 of
the light-emitting device 2 can be formed on the surface 20s
of the first semiconductor light-emitting structure 20, and
covers at least one side surface 207 of the first semiconductor
light-emitting structure 20. In another example, the first ther-
mal-sensitive layer 28 contacts with the side surface 20z,
wherein the wavelength converting material 25 can be formed
on at least one surface 28s of the first thermal-sensitive layer
28 through an adhesion material, such as resin.

As shown in FIG. 11, the first thermal-sensitive layer 28 of
the light-emitting device 2 can be formed on the surface 20s
of the first semiconductor light-emitting structure 20, and
covers at least one side surface 207 of the first semiconductor
light-emitting structure 20. The wavelength converting mate-
rial 25 can be formed on the surface 20s and the side surface
20z of the first semiconductor light-emitting structure 20
through an adhesion material, such as resin. In another
example, the wavelength converting material 25 can contact
with the surface 20s and the side surface 20z.

As shown in FIG. 12, the material of the first thermal-
sensitive layer 28 of the light-emitting device 2 and the wave-
length converting material 25 can be added into the transpar-
ent material 231 of the light-pervious layer 23.

As shown in FIG. 13, the first thermal-sensitive layer 28 of
the light-emitting device 2 can be formed on the surface 23s
of the light-pervious layer 23, and preferably, the first ther-
mal-sensitive layer 28 contacts with the surface 23s of the
light-pervious layer 23.

As shown in FIG. 14, the first thermal-sensitive layer 28 of
the light-emitting device 2 can be formed on the surface 23s
of the light-pervious layer 23, and preferably, the first ther-
mal-sensitive layer 28 contacts with the surface 23s of the
light-pervious layer 23, and the wavelength converting mate-
rial 25 can be added into the transparent material 231 of the
light-pervious layer 23.

As shown in FIG. 15, the first thermal-sensitive layer 28 of
the light-emitting device 2 can be formed on the surface 23s
of the light-pervious layer 23. In another example, the first
thermal-sensitive layer 28 contacts with the surface 23s of the
light-pervious layer 23. The wavelength converting material
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25 can be formed on a surface 25s of the first thermal-sensi-
tive layer 28 through an adhesion material, such as resin,
wherein the surface 25s is more close to the first semiconduc-
tor light-emitting structure 20.

As shown in FIG. 16, the first thermal-sensitive layer 28 of
the light-emitting device 2 can be formed on the surface 23s
of the light-pervious layer 23. In another example, the first
thermal-sensitive layer 28 contacts with the surface 23s of the
light-pervious layer 23. The wavelength converting material
25 can be formed on a surface 25s of the first thermal-sensi-
tive layer 28 through an adhesion material, such as resin,
wherein the surface 25s is away from the first semiconductor
light-emitting structure 20.

FIG. 17 illustrates a cross-sectional diagram of a light-
emitting device 3 in accordance with a third embodiment of
the present application. The light-emitting device 3 com-
prises a substrate 31; a first semiconductor light-emitting
structure 30 formed on the substrate 31, wherein the first
semiconductor light-emitting structure 30 comprises a first
semiconductor layer 32 having a first conductivity type, a
second semiconductor layer 36 having a second conductivity
type and a first active layer 34 formed between the first
semiconductor layer 32 and the second semiconductor layer
36, wherein the first active layer 34 is capable of emitting a
first light 34a having a first dominant wavelength; a light-
pervious layer 33 covering the first semiconductor light-emit-
ting structure 30; and a first thermal-sensitive layer 38 formed
on a path of the first light 34a, wherein the first thermal-
sensitive layer 38 comprises a material characteristic which
varies with the temperature change.

As shown in FIG. 17, the first thermal-sensitive layer 38 of
the light-emitting device 3 can be formed on at least one
surface 30s of the first semiconductor light-emitting structure
30, and preferably, the first thermal-sensitive layer 38 con-
tacts with the surface 30s of the first semiconductor light-
emitting structure 30.

The material of the light-pervious layer 33 comprises
organic material or inorganic material. The organic material
comprises epoxy, polymethylmethacrylate (PMMA), or sili-
cone. The inorganic material comprises glass. The manufac-
turing method of the light-pervious layer 33 is not particularly
limited, in addition to potting, the light-pervious layer 33 can
also be formed by low-pressure transfer molding or adhesion.
The first light 34a emitted from the first semiconductor light-
emitting structure 30 can be transmitted to the environment
through the light-pervious layer 33. The light-pervious layer
33 also provides electrical insulation and heat resistance. The
light-pervious layer 33 protects the first semiconductor light-
emitting structure 30 from being directly exposed to the envi-
ronment.

The material of the first semiconductor light-emitting
structure 30 comprises an element selected from a group
consisting of arsenic (As), gallium (Ga), aluminum (Al),
indium (In), phosphorus (P), nitrogen (N), zinc (Zn), cad-
mium (Cd) and selenium (Se). In an embodiment of the
present application, the first conductivity type of the first
semiconductor layer 32 is different from the second conduc-
tivity type of the second semiconductor layer 36. For
example, the first semiconductor layer 32 can be an n-type
semiconductor layer and the second semiconductor layer 36
can be a p-type semiconductor layer. The electrons provided
from the n-type semiconductor layer and the holes provided
from the p-type semiconductor layer combine in the first
active layer 34 to emit the first light 34a under an external
electrical current driving. The manufacturing method of the
first semiconductor light-emitting structure 30 is not particu-
larly limited, the first semiconductor light-emitting structure
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30 may be formed by a known epitaxy method such as metal-
lic-organic chemical vapor deposition (MOCVD) method, a
molecular beam epitaxy (MBE) method, a hydride vapor
phase epitaxy (HVPE) method, sputtering or electrical plat-
ing.

The first semiconductor light-emitting structure 30 can be
formed on the substrate 31 by glue bonding or metal bonding.
The substrate 31 comprises conductive material, such as
metal. The first semiconductor light-emitting structure 30
further comprises a first electrode 32¢ and a second electrode
36e, wherein a position of the first electrode 32¢ or the second
electrode 36e is not particularly limited. The first electrode
32¢ and the second electrode 36e can be formed on a same
side of the first semiconductor light-emitting structure 30 to
form a horizontal structure as shown in FIG. 17. The first
electrode 32¢ and the second electrode 36¢ also can be formed
on opposite sides of the first semiconductor light-emitting
structure 30 to form a vertical structure (not shown). As
shown in FIG. 17, a cavity 332 formed between the first
electrode 32¢ and the second electrode 36e comprises insu-
lated glue material or air when the first electrode 32¢ and the
second electrode 36e are formed on the same side of the first
semiconductor light-emitting structure 30.

The material characteristic of the first thermal-sensitive
layer 38 comprises transmittance which varies with the tem-
perature change. The transmittance is proportional to the
temperature. Specifically, the transmittance increases when
the temperature is raised. The material of the first thermal-
sensitive layer 38 comprises organic compound or inorganic
compound. The organic compound comprises esters or phe-
nols, for example, crystal violet lactone, malachite green
lactone, or cresol red, or metal organic complex compound,
for example, copper complex compound, or liquid crystal.
The inorganic compounds comprise inorganic salts, such as
vanadate or chromate, or inorganic crystals, such as mercuric
iodide, silver iodide or vanadium oxide. When the organic
compound or the inorganic compound is used as the material
of'the first thermal-sensitive layer 38, the transmittance of the
material varies with the temperature change of the light-
emitting device 3. As shown in FIG. 3, the transmittance of
the material increases with increasing temperature. The mate-
rialis reversible and can be reused. When the temperature gets
back, the transmittance also gets back to a value before tem-
perature increasing. With the transmittance dependence on
temperature of the thermal-sensitive material of the first ther-
mal-sensitive layer 38, the color temperature variation of the
light-emitting device 3 is improved.

In accordance with another embodiment of the present
application, the material ofthe first thermal-sensitive layer 38
of'the light-emitting device 3 can be liquid crystal. The mate-
rial characteristic comprises an arrangement of the liquid
crystal molecules.

As shown in FIG. 17, the light-emitting device 3 of the third
embodiment of the present application further comprises at
least a second semiconductor light-emitting structure 40
formed on the substrate 31, wherein the second semiconduc-
tor light-emitting structure 40 is adjacent to the first semicon-
ductor light-emitting structure 30 and covered by the light-
pervious layer 33 with the first semiconductor light-emitting
structure 30. The second semiconductor light-emitting struc-
ture 40 comprises a third semiconductor layer 42 having a
first conductivity type, a fourth semiconductor layer 46 hav-
ing a second conductivity type and a second active layer 44
formed between the third semiconductor layer 42 and the
fourth semiconductor layer 46, wherein the second active
layer 44 is capable of emitting a second light 44a having a
second dominant wavelength, wherein the second dominant
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wavelength of the second light 444 is different from the first
dominant wavelength of the first light 34a.

The material of the first semiconductor light-emitting
structure 40 comprises an element selected from a group
consisting of arsenic (As), gallium (Ga), aluminum (Al),
indium (In), phosphorus (P), nitrogen (N), zinc (Zn), cad-
mium (Cd) and selenium (Se). In an embodiment of the
present application, the first conductivity type of the first
semiconductor layer 42 is different from the second conduc-
tivity type of the second semiconductor layer 46. For
example, the first semiconductor layer 42 can be an n-type
semiconductor layer and the second semiconductor layer 46
can be a p-type semiconductor layer. The electrons provided
from the n-type semiconductor layer and the holes provided
from the p-type semiconductor layer combine in the first
active layer 44 to emit the first light 44a under an external
electrical current driving. The manufacturing method of the
first semiconductor light-emitting structure 40 is not particu-
larly limited, the first semiconductor light-emitting structure
40 may be formed by a known epitaxy method such as metal-
lic-organic chemical vapor deposition (MOCVD) method, a
molecular beam epitaxy (MBE) method, a hydride vapor
phase epitaxy (HVPE) method, sputtering or electrical plat-
ing.

The second semiconductor light-emitting structure 40 can
be formed on the substrate 31 by glue bonding or metal
bonding. The second semiconductor light-emitting structure
40 further comprises a third electrode 42¢ and a fourth elec-
trode 46e, wherein a position of the third electrode 42¢ or the
fourth electrode 46e is not particularly limited. The third
electrode 42¢ and the fourth electrode 46e can be formed on
a same side of the second semiconductor light-emitting struc-
ture 40 to form a horizontal structure as shown in F1G.17. The
third electrode 42e and the fourth electrode 46¢ also can be
formed on opposite sides of the second semiconductor light-
emitting structure 40 to form a vertical structure (not shown).
As shown in FIG. 17, a cavity 432 formed between the third
electrode 42¢ and the fourth electrode 46e comprises insu-
lated glue material or air when the third electrode 42¢ and the
fourth electrode 46e are formed on the same side of the
second semiconductor light-emitting structure 40.

As shown in FIG. 17, the first light 34a of the first semi-
conductor light-emitting structure 30 can be mixed with the
second light 44a of the second semiconductor light-emitting
structure 40 to emit a fourth light 345 having a fourth domi-
nant wavelength, wherein the first light 34a can be a red light,
the second light 44a can be a blue light, the fourth light 345
can be a white light.

As shown in FIG. 18, the light-emitting device 3 of the third
embodiment of the present application further comprises a
second thermal-sensitive layer 48 formed on at least one
surface 40s of the second semiconductor light-emitting struc-
ture 40, and preferably, contacts with at least one surface 40s
of the second semiconductor light-emitting structure 40,
wherein the second thermal-sensitive layer 48 comprises a
material different from that of the first thermal-sensitive layer
38. In one example of the embodiment, a thickness of the
second thermal-sensitive layer 48 is different from that of the
first thermal-sensitive layer 38. The first semiconductor light-
emitting structure 30 and the second semiconductor light-
emitting structure 40 have a different degree of photo decay
on temperature, different materials or different thickness of
the first thermal-sensitive layer 38 and the second thermal-
sensitive layer 48 can be used to adjust the light intensity of
the first semiconductor light emitting structure 30 and the
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second semiconductor light-emitting structure 40 to improve
the variation of the color temperature of the light-emitting
device 3.

In the embodiment, an electrical current can be injected
into the first electrode 32¢ and the second electrode 36e of the
first semiconductor light-emitting structure 30 and the third
electrode 42¢ and the fourth electrode 46¢ of the second
semiconductor light-emitting structure 40 through the sub-
strate 31 of the light-emitting device 3. The first semiconduc-
tor light-emitting structure 30 and the second semiconductor
light-emitting structure 40 have a different degree of photo
decay on temperature, when a temperature of the light-emit-
ting device 3 increases from a room temperature, such as 25°
C., to atemperature higher than the room temperature, such as
85° C., the photo decay of the light intensity of the first light
34a, for example, the red light, is larger than the photo decay
of'the light intensity of the second light 44a, for example, the
blue light. The first semiconductor light-emitting structure 30
and the second semiconductor light-emitting structure 40
have a different degree of photo decay on temperature, the
first thermal-sensitive layer 38 and the second thermal-sensi-
tive layer 48 can be used to reduce the variation of the color
temperature of the light-emitting device 3 between room
temperature and thermal equilibrium.

As shown in FIG. 19, the light-emitting device 3 further
comprises a wavelength converting material 45 formed on a
path of the second light 444. In an embodiment of the present
application, the wavelength converting material 45 can be
formed on at least one surface 40s of the second semiconduc-
tor light-emitting structure 40 through an adhesion material,
such as resin. Preferably, the wavelength converting material
45 contacts with at least one surface 40s of the second semi-
conductor light-emitting structure 40. The wavelength con-
verting material 45, for example, phosphor, is capable of
absorbing the second light 444 emitted from the second active
layer 44 and emitting a third light 445 having a third dominant
wavelength. The first light 34a of the first semiconductor
light-emitting structure 30 can be mixed with the third light
44b of the second semiconductor light-emitting structure 40
to emit a fourth light 344 having a fourth dominant wave-
length, wherein the first light 34a can be a red light, the
second light 445 can be a white light, the fourth light 34d can
be a white light.

FIG. 20 illustrates a diagram of light intensity dependence
on temperature of a light-emitting device of the present appli-
cation. As shown in FIG. 20, when an electrical current is
injected into the light-emitting device, a temperature of the
light-emitting device increases from an original room tem-
perature, such as 25° C., to a higher temperature, such as 85°
C. or above, the light intensity of the light-emitting device at
25° C. is 50~85% of that of the red chip shown in FIG. 1A.
The attenuation rate of the light intensity versus temperature
of the light-emitting device of the present application is
approximately —0.05~0.4%. FIG. 21 illustrates a diagram of
emission wavelength dependence on temperature of a light-
emitting device of the present application. As shown in FIG.
21, when the external electrical current is injected into the
light-emitting device, the temperature of the light-emitting
device increases from an original temperature to a higher
temperature, such as from 25° C. 10 85° C. or above. When the
temperature increases from 25° C. to 100° C., the emission
wavelength of the light-emitting device increases 2~3 nm.

The principle and the efficiency of the present application
illustrated by the embodiments above are not the limitation of
the application. Any person having ordinary skill in the art can
modify or change the aforementioned embodiments. There-
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fore, the protection range of the rights in the application will
be listed as the following claims.

What is claimed is:

1. A light-emitting device, comprising:

a substrate;

a first semiconductor light-emitting structure formed on
the substrate, wherein the first semiconductor light-
emitting structure comprises:

afirst semiconductor layer having a first conductivity type;

a second semiconductor layer having a second conductiv-
ity type; and

a first active layer formed between the first semiconductor
layer and the second semiconductor layer, wherein the
first active layer is capable of emitting a first light having
a first dominant wavelength; and

a first thermal-sensitive layer formed on a path of the first
light, wherein the first thermal-sensitive layer comprises
a material characteristic which varies within a tempera-
ture range and a first intensity difference of the first light
after being transmitted through the first thermal-sensi-
tive layer within the temperature range is smaller than a
second intensity difference of the first light before being
transmitted into the first thermal-sensitive layer within
the temperature range.

2. The light-emitting device of claim 1, wherein the first
thermal-sensitive layer contacts with one surface of the first
semiconductor light-emitting structure.

3. The light-emitting device of claim 1, further comprising
a light-pervious layer covering the first semiconductor light-
emitting structure.

4. The light-emitting device of claim 3, wherein the first
thermal-sensitive layer is formed between the light-pervious
layer and the first semiconductor light-emitting structure.

5. The light-emitting device of claim 1, further comprising
a wavelength converting material formed on the path of the
first light.

6. The light-emitting device of claim 5, wherein the wave-
length converting material is formed in the light-pervious
layer.

7. The light-emitting device of claim 5, further comprising
a second semiconductor light-emitting structure formed on
the substrate, adjacent to the first semiconductor light-emit-
ting structure and covered by the light-pervious layer,
wherein the second semiconductor light-emitting structure
comprises:

a third semiconductor layer having the first conductivity
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a fourth semiconductor layer having the second conduc-
tivity type; and

a second active layer formed between the third semicon-

ductor layer and the fourth semiconductor layer,
wherein the second active layer is capable of emitting a
second light having a second dominant wavelength.

8. The light-emitting device of claim 7, wherein the wave-
length converting material is formed on a surface of the first
semiconductor light-emitting structure.

9. The light-emitting device of claim 7, further comprising
a second thermal-sensitive layer formed on a surface of the
second semiconductor light-emitting structure.

10. The light-emitting device of claim 9, wherein a material
and/or a thickness of the second thermal-sensitive layer is
different from that of the first thermal-sensitive layer.

11. The light-emitting device of claim 3, wherein the first
thermal-sensitive layer is formed on the light-pervious layer.

12. The light-emitting device of claim 3, further compris-
ing a wavelength converting material formed on the light-
pervious layer.

13. The light-emitting device of claim 1, wherein the mate-
rial characteristic includes at least one of transmittance and
refractive index.

14. The light-emitting device of claim 13, wherein the
transmittance with respect to the first light is directly propor-
tional to the temperature in the temperature range.

15. The light-emitting device of claim 1, wherein the ther-
mal-sensitive layer comprises organic compound, inorganic
compound, or liquid crystal.

16. The light-emitting device of claim 13, wherein the
thermal-sensitive layer comprises a first material having a
first refractive index and a second material having a second
refractive index.

17. The light-emitting device of claim 16, wherein a dif-
ference between the first refractive index and the second
refractive index is substantially smaller than 10% when a
junction temperature of the active layer is above 60° C.

18. The light-emitting device of claim 17, wherein the first
material comprises liquid crystal and the second material
comprises resin.

19. The light-emitting device of claim 1, wherein the first
light comprises red light.

20. The light-emitting device of claim 1, wherein the tem-
perature range comprises a first temperature and a second
temperature higher than the first temperature, and an intensity
of the first light attenuates from the first temperature to the
second temperature.



